Abstract-,3-1,2-Phenylene di-a-mercaptoacrylic acid (1,2-PDMA), 3-1,4-phen ylene di-a-mercaptoacrylic acid (1,4-PDMA) and a-mercapto-Q-(2-hydroxy phenyl) acrylic acid (MHA) were synthesized and compared with 2,3-dimercapto propane-1 -sulfonate (DMPS) for their ability to counteract toxic effects of lead and nickel in rats. 1,2-PDMA and DMPS were most effective in enhancing the ex cretion of metals, restoring most of the metal induced biochemical alterations and reducing the body burden of the metals; These observations confirm that the chela ting agents with two adjacent sulfhydryl groups are better than those with non adjacent SH groups as metal antidotes.
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The success of MHA in mobilizing the tissue metals and increasing their urinary excretion indicates participation of the hydroxy group on the benzene nucleus besides the SH group of the MHA molecule, in chelation of the metals.
The chelating agents possessing sulf hydryl groups are most effective antidotes of heavy metal poisoning (1) (2) (3) (4) . However, the number and the arrangement of SH groups in the chelator molecule greatly influence their efficacy (5-7). Thus, 2,3-dimercapto propane-1 -sulfonate with two adjacent SH groups was more effective than diethyl dithiocarbamate in reducing the uptake in tissues and enhancing the urinary excretion, of inorganic mercury in rats (8). All dithiol chelators containing vicinal SH groups mobilized far more cadmium from hepatic metallothionein and more effectively in creased biliary excretion of Cd than the compounds with non-vicinal SH groups or a single SH group subject to their lipophili city (6) . However, some a-mercapto-a arylacrylic acids with a single SH group were found to be effective in counteracting lead and nickel intoxication, although no structure-efficacy relationship could be observed (9). In view of these observations, it was considered of interest to compare dimercaptoacrylic acids with adjacent or * To whom all correspondence should be addressed .
non-adjacent SH groups and monomercapto acrylic acids with a single SH group for their properties to counter metal intoxica tion. As sulfur possesses higher binding affinity for Pb than for Ni (10-12), the present study was also planned to investigate if the presence of two S atoms or a combina tion of a S and a different heteroatom such as oxygen in these chelating agents enhances their metal complexing potentials.
Materials and Methods
Synthesis of chelating agents a-Mercapto-ft-(2-hydroxyphenyl) acrylic acid: Equimolar amounts of rhodanine and salicylaldehyde (0.1 mole) were dissolved in 80 ml of hot glacial acetic acid, and 24 g of anhydrous sodium acetate was added gradually with shaking. The reaction mixture was heated to 1 50'C for 90 min, cooled and poured over ice to yield orange crystalline 5-(2-hydroxyphenyl methylene) rhodanine which was filtered, washed with water and dried in vacuo (Yield 60%, M.P. 222-223°C). on standard pellet diet (Hindustan Lever Limited, India)* and water ad libitum were used n all the experiments.
Ten rats were given a dose of 2 mmole/4 ml/kg, a chelating agent, dissolved in 5% NaHC03, intraperitonea Ily. No abnormal behavior or mortality was observed during 72 hr and all the compounds were considered safe at the dose examined. Evaluation of chelating agents against lead toxicity Thirty rats were administered 10 mg/4 ml/kg Pb as Pb (OOCCH3)2-3H20 dissolved in distilled water, through gastric gavage, 6 days a week for six weeks. Six animals received no treatment. The animals were weighed every fourth day and the dose adjusted accordingly. The Pb exposed animals were divided equally into five groups. The animals of each of the four groups were given 0.5 mmole/4 ml/kg, a chelating agent dissolved in 5% NaHC03, subcutaneously daily for three days. The fifth group receiving distilled water alone served as the control. The animals were kept individually in meta bolic cages and 24 hr urine and faeces col lected consecutively for four days. All the animals were decapitated 24 hr after the last injection, blood collected in heparinized vials and liver, kidneys and brain removed.
Standard procedures were used to measure the activity of blood 6-aminolevulinic acid dehydratase (6-ALA-D) (13) zinc proto porphyrin (ZPP) (14) haemoglobin (15), haematocrit (16) and urinary excretion of 6 aminolevulinic acid (s-ALA) (17) . Lead was estimated in urine (18) , blood (19) , faeces and tissues (20) following acid digestion (HNO3/HCIO4=6/1) using an atomic ab sorption spectrophotometer (Perkin-Elmer 5000). The samples were read at 283.3 nm along with appropriate standards prepared identically. Evaluation of chelating agents against nickel toxicity Thirty animals were injected with 4 mg/4 ml/kg Ni as NiSO4.6H2O dissolved in normal saline, intraperitoneally, 6 days a week for four weeks. Six animals received no treatment. The Ni administered animals were equally divided into five groups. Each of the four groups was given 0.5 mmole/4 ml/kg of a chelating agent dissolved in 5% NaHCO3, subcutaneously, once daily for four days. The fifth group received distilled water alone and served as the control. Following each dose of chelating agent, 24 hr urine col lections were made in metabolic cages. All the animals were decapitated 24 hr after the last dose, blood collected in heparinized vials and liver, kidneys, heart and brain removed.
The levels of plasma ceruloplasmin (21) and total a-amino acids (22), blood glucose (23) and glutathione (24) , urinary total a amino acids (22) and the activity of hepatic, renal and cardiac mitochondrial malic dehydrogenase (25) were measured. The urine and tissue samples were digested with an acid mixture (HNO3/HCIO4/H2SO4=6/ 1/1), and then the carbon free residue was dissolved in 5% HNO3. The samples were read for Ni concentration at 232.0 nm using an atomic absorption spectrometer.
Results
DMPS was the most effective, followed by MHA and 1,2-PDMA in enhancing the urinary excretion of Pb in Pb intoxicated animals. MHA and 1,2-PDMA were about equally effective in increasing faecal ex cretion of Pb, which was not influenced by DMPS. Following chelation therapy, the urinary elimination of Pb was far more than the faecal elimination (Fig. 1 ) . While, 1,2 PDMA and DMPS reduced Pb induced inhibition of the activity of blood 8-ALA-D and increase in blood ZPP level and raised Hb content, MHA had no significant influence on these Pb sensitive parameters.
All the chelators examined, however, decreased Pb induced urinary excretion of O'-ALA (Table  1) . While all the chelating agents decreased blood and hepatic levels of Pb, only 1,2 PDMA and DMPS were effective in depleting renal Pb. None of the compounds could mobilize Pb from the brain ( DMPS, did not significantly differ from the control level (Fig. 2) . The faecal excretion of Ni remained unaffected by the chelators. All the chelating agents reduced Ni-induced increase in levels of plasma and urinary a amino acids and blood glucose. The com pounds were ineffective in restoring the decreases in plasma ceruloplasmin and blood glutathione levels (Table 3) . 1,2-PDMA, 1,4 PD MA and M HA decreased further the activity of cardiac MDH that had been inhibited by the administration of Ni. 1,2 PDMA and 1,4-PDMA also potentiated the inhibitory effect of Ni on the hepatic MDH (Table 4) . DMPS was the most effective followed by MHA and 1,2-PDMA in de creasing hepatic and renal concentrations of Ni. 1,2-PDMA and 1,4-PDMA were effective in depleting cardiac Ni. None of the compounds could, however, mobilize Ni from the brain ( Table 5) . Discussion 1,2-PDMA and DMPS were found to be significantly more effective than 1,4-PDMA in enhancing the urinary excretion of Pb and reducing the diagnostic biochemical alter ations induced by Pb in blood and urine and the Pb concentrations of blood, liver and kidneys which confirms that adjacent SH groups are more favorable for in vivo chelation of Pb (4, 5). Though, MHA was able to enhance the urinary elimination of Pb and reduce the Pb induced urinary excretion of s-ALA, it could not efficiently restore the Table 3 .
Effect of substituted a-mercaptoacrylic acids on nickel-induced biochemical alterations in plasma and urine of poisoned rats *One unit is arbitrarily defined as that amount of "oxidase"/ml of plasma which will cause a 4A 550 nm of 0.01 /min at pH 5.5 at 37'C, in a 7 ml reaction volume using N,N' dimethyl p-phenylenediamine as the substrate, **,umole/100 ml, ***mg/100 ml, ****amole/day/100 g, body weight. 
